China has two major stock exchanges, the Shanghai and the Shenzen exchanges. Each of these exchanges trades two types of shares, type "A" and type "B" shares. Type "A" shares are available to domestic investors only and type "B" shares are available to foreign investors. This article tests for the weak-form efficiency in these markets and explores the statistical relationships and causality among these Chinese stock markets with each other and with the U.S. and Hong Kong stock markets. The results indicate the existence of (1) a weak-form efficiency in the market for "A" shares but not "B" shares, (2) statistically weak linkages between the Chinese markets, (3) a weak causal effect from the Hong Kong to the four Chinese markets, and (4) a strong causal effect from U.S. stock mark to all four Chinese stock markets and the Hong Kong Stock market, particularly during the second period of the sample. These results support the assertion that the Chinese stock markets are becoming more integrated to the global economy (JEL G15).
I. Introduction
The Shanghai and Shenzen are the two stock exchanges in the People's Republic of China. Shanghai started in 1990 and Shenzen in 1991. The exchanges operate on weekdays 9:30 a.m. to 11:00 a.m. and 1:30 p.m.
1. The time difference between New York and Shanghai and Shenzen is 12 hours during summer and 13 hours during winter.
2. Chinese firms can also issue "H" shares for listing on the Hong Kong stock exchange and "N" shares for listing on the NYSE; e.g., Huang and Liu (1995) .
3. A large drop in liquidity of about 25 billion dollars occurred in mid-1994. This was the result of governmental regulations, introduced in 1993, forbidding banks from providing liquidity to market participants. Since then, Chinese authorities reversed these regulations; for additional details, see Spencer (1995), pp. 28-31. to 3:00 p.m.
1 Each exchange trades two types of shares, known as type "A" and type "B" shares. Type "A" shares are denominated in Chinese yuan. They are sold to Chinese nationals only. Type "B" shares traded in the Shanghai exchange are denominated in U.S. dollars and those traded in the Shenzen exchange are denominated in Hong Kong dollars. Type "B" shares are sold to investors from Hong Kong, Taiwan, Macau, and other foreign countries.
2 Both the Shanghai and Shenzen exchanges use computerized trading systems.
The issuance of "B" shares cannot exceed the limit set by the government, which is 25% of the total shares of a firm. According to Huang and Liu (1995) , "B" shares are intended to attract foreign investments and hard currencies. "B" shares are also developed to limit the investment activities of foreigners so that Chinese stock markets will not be overly influenced by foreign speculators.
By early 1993, the Chinese stock market capitalization had risen to 20 billion U.S. dollars and continued rising to over 100 billion U.S. dollars by 1996. In May 1998, about 789 firms were listed and traded on the Shanghai and Shenzen exchanges. The Chinese government, through the China Securities Regulatory Commission (CSRC), exerts tight control over listings and trading of shares in these exchanges. Although government regulation provides some assurance against fraud and manipulation, it discourages market forces because share listings and sales are by governmental consent, not negotiated with investment banking firms. Interestingly, only "B" share issuers must adhere to international accounting reporting standards.
3
Research on the Chinese stock markets is very limited. Only a few articles investigate issues related to the Chinese stock markets. Bailey (1994) , using a small sample of firms from the Shanghai and Shenzen exchanges, investigates correlations of weekly returns of "B" shares with returns of international stock indices. He also examines the discount of "B" shares relative to "A" shares. Bailey's data cover the relatively short period from mid-1992 to the beginning of 1993. He finds at least partial segmentation of "B" share markets and unexplainable discounts on "B" shares relative to "A" shares. Su and Fleisher (1996) analyze the Chinese stock markets using daily data. They report that the daily and weekly returns of both "A" and "B" shares are non-random. Moreover, they find evidence of cointegration between the "A"-share markets but not the "B"-share markets.
The October 1987 international stock market crash and subsequent mini-crashes made it clear that none of the world's markets operates independently. The linkage and causal relationships between international markets are becoming very important to both the private and public sectors in every country. Many U.S. and other international mutual funds and pension funds include Chinese stocks in their portfolios. Knowledge of the linkages between Chinese markets and other foreign markets enables portfolio managers to make more intelligent decisions. Moreover, it helps government officials to maintain stable domestic equity markets and to avoid the potential for international market crises.
This article examines the share-price behavior, weak-form market efficiency, and causality of the Chinese stock markets with each other and with the Hong Kong and U.S. stock markets. The article employs various statistical techniques, such as random walk, and Granger causality tests to investigate the above issues.
The article is organized as follows: Section II discusses the data and presents some preliminary evidence. Section III presents the Granger causality results. Section IV presents the summary and conclusions.
II. Data and Preliminary Results
The data include 1,000 daily observations for four Chinese stock market indices and one U.S. and one Hong Kong stock index. The indices used are the Shanghai "A" (SHA), the Shanghai "B" (SHB), the Shenzen "A" (SZA), the Shenzen "B" (SZB), Hong Kong stock exchange index (HK), and the Dow Jones industrial average (DJ) for the U.S. All of these indices are based on closing prices. The data are obtained from Dow Jones News Retrieval Services and Datastream International and cover the period March 8, 1993 , to October 31, 1996 . Stock index returns are calculated using the continuously compounded formula ,
( 1 )
where P t is the price of the index at time t and ln is natural logarithm. Note that R t = ln(P t -P t-1 ) = lnP t . To identify possible time structural changes in the behavior of the data, the sample is divided into two sub-samples covering the periods March 8, 1993 , to December 31, 1994 , and January 1, 1995 to October 31, 1996 . Various statistical tests are performed on the two sub-samples as well as the full sample. These include serial correlation tests on daily returns and weekly returns to detect whether these markets exhibit persistent relations over time. Non-normality and runs tests are also used to examine whether the serial correlation tests are influenced by non-normality of the returns.
Before estimating the linkages between different markets, a unit root test is performed for each of the six stock indices using the augmented Dickey-Fuller (ADF) methods; see Fuller (1979, 1981 SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", SZB is Shenzen "B", HK is Hong Kong Stock market, and US is for the U.S. stock market. P t represent the value of an index at time t, ln is the natural logarithm, and R t represent the log return series. The ADF statistics test the hypothesis of a unit root in each series. Statistically insignificant statistics imply acceptance of the null hypothesis. *Significant at the 1% level. **Significant at the 5% level. where Y t = ln(P t ) is the natural logarithm of the value of each stock index at time t, is the first difference operator, and t is for time. Table  1 presents the ADF statistics for testing the null hypothesis of a unit root H 0 : 2 = 0 against the alternative hypothesis of a stationary time-series H 1 : 2 < 0. All ADF statistics provide support to the null hypothesis of a unit root at the one-percent level of significance. The table also presents the ADF test statistics for the log returns series, R t . Note that, in this case, the variable Y t = R t . All ADF statistics reject the null hypothesis of a unit root for the log-return series. Table 2 provides bivariate cointegration tests for each pair of stock indices using the Phillips and Ouliaris (1990) method. 4 The PhilipsOuliaris method involves estimating via OLS the regression model
where Y t and X t are the log values of any two stock indices and e t is the regression residual. The series of residuals e t for a cointegrated pair Y t and X t is expected to be stationary. Table 2 presents Philips-Ouliaris Z t statistics for testing the null hypothesis of cointegration (i.e., that the Note: SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", SZB is Shenzen "B", and US is for the U.S. stock market. The critical values for the Z t statistics are -2.76 at the 5% level and -3.39 at the 1% level of significance. *Significant at the 1% level. **Significant at the 5% level. residuals are stationary). The Z t statistics reject the hypothesis of cointegration for almost all pairs of stock indices. These results imply that models for testing linkage or causality in the return series do not require the inclusion of an error correction term. Table 3 presents some summary statistics on the return series of the Note: SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", and SZB is Shenzen "B". Period 1 is from 3/8/93 to 12/31/94 and Period 2 is from 1/1/95 to 10/31/96. Data are collected from the Dow Jones News Retrieval Services and Datastream.
5. Daily returns are annualized using the formula AR t = 250 × R t , which assumes 250 trading days per year.
four Chinese stock market indices. These preliminary results indicate that, in most cases, the annualized mean daily returns are negative. This may be attributed to investor uncertainty about future firm Note: SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", and SZB is Shenzen "B". Period 1 is from 3/8/93 to 12/31/94 and Period 2 is from 1/1/95 to 10/31/96. The autocorrelation coefficients are for the entire period. Ljung-Box statistics are computed using 24 lags. *Significant at the 1% level. **Significant at the 5% level.
6. The average standard deviation of annual returns for firms traded on the OTC during performance and lack of market liquidity stemming from governmental restrictions on banks' participation in securities lending. The standard deviations of annualized daily returns, relative to those for the U.S., are moderate in size. 6 Unlike the other three markets, stock returns on Note: SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", and SZB is Shenzen "B". Period 1 is from 3/8/93 to 12/31/94 and Period 2 is from 1/1/95 to 10/31/96. The autocorrelation coefficients are for the entire period. Ljung-Box statistics are computed using 24 lags. *Significant at the 1% level. **Significant at the 5% level.
the period 1960-84 was 22.4%; see Ibbotson and Brinson (1987) , p. 83.
Shenzen "B" are negatively skewed and exhibit high kurtosis values. Tables 4 and 5 report the serial correlations and Ljung and Box (1978) test statistics for 24 lags for daily and weekly returns, respectively. The Ljung-Box statistics are mostly significant at the 5% level, indicating the presence of significant serial correlation in the daily return series in all four markets. Autocorrelation in securities markets does not necessarily imply market inefficiency; see Leroy (1973) and Levich (1979) . However, the relatively large reported values for autocorrelation may indicate a violation of the weak form of market efficiency, since investors may be able to exploit serial correlation for profit making. Except for Shanghai "B", the magnitude of serial correlation in the remaining three markets decreases during the second period, implying that the Chinese markets are moving closer to becoming efficient. As expected, the degree of serial correlations is weaker for weekly returns; see table 5. Most Ljung-box test statistics are statistically insignificant at the 1%. Note that because of transaction cost, low autocorrelation values are harder to exploit for profit making.
Another factor possibly affecting serial correlation is non-normality of the daily returns distribution. Table 6 summarizes runs tests for price changes between 1 to 5 trading days for the full sample and the two subsamples. Of the 60 runs tests (20 per sample period), only 5 are nonsignificant in the overall sample period while 7 are non-significant in the early period and 15 in the latter period. This also suggests increasing market efficiency over time. Five of the six one-day returns calculated for the markets of "A" shares have greater actual than expected runs. This implies a negative serial correlation supporting some of the findings in Table 4 . However, of a total of more than 30 runs tests on the markets of "A" shares, only 6 have greater actual than expected runs, but only 2 of those are statistically significant. More importantly, all 30 runs for the markets of "B" shares show fewer actual than expected runs. Nineteen of these runs are statistically significant. These results are in line with the positive serial correlations of "B" shares in table 4. Granger's (1969) causality tests are used to investigate lead-lag relationships among the four Chinese markets and with certain international markets such as those of the U.S. and Hong Kong. Let Y t Note: SHA is Shanghai "A", SHB is Shanghai "B", SZA is Shenzen "A", and SZB is Shenzen "B". AR is the total number of runs, ER is the expected runs, SD is the standard deviation of runs, Z = (Return -ER)/SD,. *Statistically significant at the 1% level. **Statistically significant at the 5% level.
III. Granger Causality Tests
and X t be the return series for two different markets. The following standard definition for Granger's causality is used: where Y t represents the return in market "Y" at time t. The lag-length p of (4) is determined using Akaike's minimum final prediction error (FPE). According to the FPE criterion, the optimal value of p is the one that minimizes the FPE statistic; see Hsiao (1981) 
The lag-length of X t is also determined using the FPE criterion, given the value of p from the estimation of equation 4. The F-statistic below
where SSR 1 is the sum of squared residuals of (4), SSR 2 is the sum of squared residuals of (5), T is the sample size, and p and q are as defined previously, provides a formal test for causality. Specifically, a statistically significant value indicates causality from market "X" to market "Y". Table 7 presents the optimal values for p and q and F-values for testing bivariate causality between all possible pairs of the Chinese stock markets. It also presents similar statistics for possible bivariate 7. It is important to note that shares are not cross-listed in the four Chinese markets.
causality from the U.S. and Hong Kong stock markets to all four Chinese markets.
Panel A presents the statistics for bivariate causality among the four Chinese markets. The results show that Shanghai "A" has no apparent influence on Shenzen "A". All F-values are statistically insignificant. A causal relation exists from Shanghai "A" to Shanghai "B" in the second period and from Shanghai "A" to Shenzen "B" in the first period. Shenzen "A" appears to lead Shanghai "A" during the first period, but not in the second period, suggesting a fading leadership over time. This may be attributed to the late paramount leader Deng's efforts to establish Shenzen as the "pilot" or model center of economic development and reform for China. Shanghai "B" influences the other three markets during both periods. Shenzen "B" influences Shanghai "A" and Shenzen "A" during the first period and Shanghai "B" during the second period, only. In sum, these results suggest a causal relationship from Shanghai "B" to all Chinese markets and from Shanghai "A" and Shenzen "B" back to Shanghai "B". The causal relationships from the "B" markets to the "A" imply that foreign markets exert a significant influence on the markets open only to Chinese nationals.
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Panel B of table 7 presents the statistics for testing causality from the Hong Kong stock market to the four Chinese markets. The results indicate a strong causal relation from the HK market to Shanghai "B" during the first period and to Shanghai "A" during the second period, only. No causal relation exists between the HK market with Shenzen "A" or Shenzen "B". The latter result may be attributed to the proximity of Shenzen to Hong Kong, which may have made it a de facto Chinese market.
Panel C of table 7 demonstrates that the U.S. stock market exhibit a strong causal relation to all four Chinese markets as well as the Hong Kong market during the second period. These relations are, however, weak for Shanghai "B", Shenzen "A", and Shenzen "B" during the first period. This suggests that the four Chinese markets are gradually being integrated into global financial markets.
The following explanation could be offered regarding the gradual integration of Chinese markets into the world markets. There is an increasing interest of international investors towards the Chinese markets. For example, there were no U.S. mutual funds investing in Chinese companies before 1993. By the end of 1997, there were many U.S. mutual funds companies that invested in China. Moreover, an increasing number of Chinese companies are now dually listed in U.S. markets. Therefore, Chinese markets get feedback of the movements from these dual listing stocks.
IV. Summary and Conclusions
This article tests for the weak-form efficiency in the four Chinese stock markets of Shanghai "A", Shanghai "B", Shenzen "A", and Shenzen "B" and explores the presence of causality influences between these markets as well as the U.S. and Hong Kong stock markets. The Ljung-Box test statistics indicate the presence of significant serial correlation in the daily return series in all four Chinese markets. This may be interpreted as a violation of the weak form of market efficiency, since investors may be able to exploit serial correlation for profit making. Except for Shanghai "B", the magnitude of serial correlation in the remaining three markets decreases during the second period of the data, implying that the Chinese markets are moving closer to becoming efficient.
Granger causality tests indicate a causal relationship from Shanghai "B" to the other three Chinese stock markets and from Shanghai "A" and Shenzen "B" back to Shanghai "B". The causal relationships from the "B" stock markets to the "A" stock markets imply that foreign markets exert a significant influence on the markets open only to Chinese nationals. The Hong Kong stock market exerts a significant causal relationship on Shanghai "B" during the first period and on Shanghai "A" during the second period. The U.S. stock market exhibits a strong causal relation to all four Chinese markets as well as the Hong Kong market, especially during second period. These results suggests that the four Chinese markets are gradually being integrated into the global economy.
